reproductive mode and number of times these organisms breed per reproductive season. They concluded that local adaptation, phylogenetic constraints, foraging type, and allometric covariation may all exert significant in fluences on the evolution of life history traits. Wiens et al. (1999) showed that Sceloporus jarrovii is actually a group of 5 evolutionary species (Sceloporus jarrovii, Sceloporus sugillatus, Sceloporus cyanostictus, Sceloporus oberon, and Sceloporus minor). Although our knowledge of several aspects of the ecology and life history of S. jarrovii is extensive for populations north of the Rio Grande (Tinkle 1967 , 1969 , Goldberg 1971 , Ballinger 1973 , 1979 , Tinkle and Hadley 1973 , Simon 1975 , Ruby 1986 , Smith and Ballinger 1994a , 1994b , little is known about demography and life history in populations from the temperate and desert zones of northern México (Goldberg 1997 , Ramírez-Bautista et al. 2002 . The subject of our study is a population of Sceloporus jarrovii (in the narrowest sense) that inhabits the central Chihuahuan desert in northern México. We report reproduction, growth, age, population structure, density, survivorship, and life history attributes for this population of S. jarrovii.
METHODS
Fieldwork was conducted in the canyon Las Piedras Encimadas (25°38፱47፳N, 103°38፱40፳W) 25 km northwest of Gomez Palacio, Durango, México (1425 m). The climate of this region is seasonal, with the highest temperatures and rainfall occurring in summer. Mean annual precipitation is 239 mm and mean annual temperature is 21°C. The vegetation is dominated by Agave lechuguilla, Acacia greggii, Yuca filifera, Fouqueria splendens, Opuntia rufida, Opuntia leptocaulis, and Jatropha dioica. According to Rzed owski (1978) , this habitat is classified as xerophyllous shrubland. Throughout the study site, rocks and rock faces with crevices are numerous.
Reproduction
We collected specimens of S. jarrovii between April 2004 and March 2005 from other areas (within several kilometers of the marked population) for analysis of their reproductive condition. Specimens were brought into the lab oratory and autopsied within 24 hours. Specimens were killed with Nembutal, preserved in 10% formalin Palacios-Orona 1997, Gadsden et al. 2001) , and deposited in the collection of the Universidad Juárez del Estado de Durango (voucher specimens UJED-ESB-SJ-1-51). We used the smallest females that showed vitellogenic follicles or embryos in the uterus to estimate the minimum size (snout-vent length) at sexual maturity (Ramírez-Bautista et al. 2002) . Litter size was determined by counting the embryos in the oviducts of adult females during the reproductive season. We located lizards on rocks or in rock crevices along a 300-m section of rocky hill comprising approximately 0.5 ha. The site searches followed a particular path that was relatively constant throughout the study. Field work was done between 09:00 and 14:00 every day (Ballinger 1973, Smith and Ballinger 1994a) . On each sampling date the lizards were caught by the same 3 people.
Each individual was permanently marked by toe-clipping, and a number was painted on its back for quick identification. For each capture, the following data were recorded: date, time of day, sex, and snout-vent length (SVL) measured to the nearest 1 mm with a ruler. In addition, the abdomens of females were carefully palpated to determine whether embryos were present. Lizards were released at the exact point of capture (Ballinger 1973 , Dunham 1982 , Van Devender 1982 , James 1991 .
Growth data were obtained through periodic recapture of animals of known age. The ages of lizards within a certain size class were estimated using growth rates and SVL at hatching. These data allowed construction of average growth trajectories for males and females (Tinkle and Dunham 1986) .
Growth rate was estimated as follows: (Grant and Dunham 1990, Sexton et al. 1992) . The significance of variation in growth rate among these different SVL size classes was assessed using ANOVA, followed by Duncan's new multiple range test (Bruning and Kintz 1977, Sokal and Rohlf 1981) . Means are given with 1 standard error.
The SVL at initial capture of all individual lizards was used to determine the population structure (Griffiths 1999 , Ramírez-Bautista et al. 2002 . Sex ratio was based on these data.
The density of individual adult S. jarrovii was estimated using the small-sample LincolnPetersen and Schumacher-Eschmeyer methods (Krebs 1989) . The Lincoln-Petersen method is based on a single episode of marking lizards and a 2nd single episode of recapturing individuals. The basic procedure is to mark a number of individuals over a short time, release them, and then recapture individuals to check for marks. For this method to be valid, the 2nd sample must be a random sample; that is, marked and unmarked individuals must have the same chance of being captured in the 2nd sample. The Schumacher-Eschmeyer method distinguishes only 2 types of individuals: marked (caught in 1 or more prior samples) and unmarked (never caught previously). Seber (1982) recommends the Schumacher-Eschmeyer estimator as the most robust and useful method for multiple censuses on closed populations. Ballinger (1973) and Ruby (1986) noted that individual S. jarrovii were regularly observed as being restricted to small areas, and the centers of activity were situated near specific crevices located in the dwelling habitat. Consequently, the possibility of migration or immigration of individuals in this population was reduced.
Survivorship (l x ) was calculated as the proportion of individuals marked in 1 season that were recaptured the following year in the same season. Survivorship may be underestimated, however, because some lizards may not have been recaptured, despite having survived (Smith and Ballinger 1994b) .
A life table for the S. jarrovii population was constructed from data on age-specific fecundity (m x ), age-specific survivorship (l x ), and age at 1st breeding. Age classes were chosen to correspond to selected events in the life of the lizards. The 1st age class is composed of female eggs (a 1:1 sex ratio at fertilization was assumed), and subsequent age classes represent lizard ages at the approximate midpoint of successive reproductive seasons (Tinkle and Ballinger 1972, Stearns 1994) .
Fecundity values (m x ) for each age class were determined from clutch size and clutch frequency data and were adjusted to account for the proportion of females of each age that were actually reproductive.
Because of the small number of hatchlings marked, it was not possible to estimate numbers of eggs or survivorship for hatchlings. However, appropriate survivorship data can be obtained from the ratios of age class in this population, if we assume that the population has maintained a stationary age distribution. The analysis ignored year-to-year changes in age structure, and it utilized the average age composition over 3 years to obtain survivorship figures that permitted construction of a life table (Tinkle and Ballinger 1972, Stearns 1994) .
RESULTS

Reproduction
Body size (SVL) of adult females averaged 68.3 mm (s x -= 0.74, range 60-81 mm, n = 51). The mean SVL of gravid females was 68.5 mm (s x -= 1.3, n = 16). Gravid females represented 53% of all sexually mature females caught during the reproductive season (n = 30). Reproductive activity in females ( Fig. 1 ) began in November and declined in early May, with embryos present from January to May. Hatchlings were observed from May to July, a period when most of the annual precipitation occurred and food was abundant. All of the 14 females collected from February to April had embryos in utero. The embryonic developmental period was estimated from the date at which the 1st female was found with freshly ovulated eggs in utero (mid-January) to the date when the 1st neonate was found (late May). These data suggest a gestation period of about 133 days.
Population Structure and Dynamics
The relationship between SVL size classes and average growth rate for Yarrow's spiny lizard is illustrated in Figure 2 . Growth rates were calculated over a mean of 197 days (s x -= 19.6, n = 38 individuals). Growth was significantly faster (ANOVA: By knowing the earliest date of hatchling emergence, the mean growth rate of individuals in different size classes, and the date of capture, it is possible to estimate the age of an individual. Based on the mean growth rate of hatchlings, juveniles, and subadults, individuals of both sexes reached the adult size class (60 mm SVL) at an average age of 8.5 months. The SVL of adults at the end of year 1 ranged between 63 mm and 70 mm, based on the mean growth rate of the young adult size class. Males and females showed an asymptote at 75 mm, at an age of approximately 1 year and 6 months (Fig. 3 ).
An female was 3.8 years, given that it takes females 1 year and 5 months to reach an SVL of 75 mm.
The population structure of S. jarrovii (Fig.  4) was similar in spring and fall but not in summer (χ 2 = 89.5, df = 8, P < 0.005). A notable feature of summer is the presence of hatchlings and juveniles. The relative number of adult females and males (SVL ≥ 60 mm) did not differ significantly among the 3 years (χ 2 = 3.2, df = 2, P > 0.1). Lizards in the 60-70 mm SVL size class were the most numerous in spring and fall.
The sex ratio (males:females) was heavily biased toward females in spring and summer (0.5 and 0.37, respectively). During fall, the sex ratio of adult individuals became biased toward males (1.5). Nevertheless, the overall sex ratio (3 seasons pooled) was 0.77 (93 males: 121 females), which is not different from 1:1 (χ 2 = 3.6, P > 0.05).
The densities (Schumacher-Eschmeyer) of adult S. jarrovii (Fig. 5a) The density of individuals in all age classes (Fig. 5b) showed similar fluctuations, except in summer 2004, due to an abundance of juveniles in that season of the year. We observed predominantly adult recruitment in fall 2004, which increased the adult density significantly.
Estimates of survivorship (l x ), population size, and age-class structure are given in Table   52 WESTERN NORTH AMERICAN NATURALIST [Volume 68 The numbers and proportions of each age class (Table 2 ) captured over a 3-year period (2004) (2005) (2006) permitted the generation of survivorship figures and the construction of a life table (Table 3 ). The calculated replacement rate (R 0 = 1.12) for this population indicates that this population is able to maintain a stable population size given the survivorship and fecundity schedules that we have calculated. In this population, about 40% of the replacement rate is attributable to individuals around 1 year old, and 30% is attributable to individuals <1 year old.
DISCUSSION
Reproduction
The reproductive season for S. jarrovii in Las Piedras Encimadas, Durango, México, begins after the rains commence in July-September and continues during the driest months, until May. Fall reproduction permits females to give birth in midspring when food is abundant, as occurs in species of the torquatus group (Ballinger 1973 , Fitch 1978 , Ramírez-Bautista et al. 2002 . A reproductive cycle that peaks in the fall is similar to that previously reported for this species (Ballinger 1973 , Ramírez-Bautista et al. 2002 see Table 4 ). Nevertheless, the known differences in reproductive traits among populations of S. jarrovii reveal local adaptations (Ramírez-Bautista et al. 2002) .
The smallest female S. jarrovii at our site probably reaches early sexual maturity at approximately 6 months of age. Likewise, data available for other female S. jarrovii from the low altitudes (1675 m) showed that females matured in the 1st mating season after birth at an age of approximately 5 months (Ballinger 1973) . Ramírez-Bautista et al. (2002) and Ballinger (1973) estimated size at sexual maturity of S. jarrovii females to be 60 mm. At high elevation (2500 m), sexual maturity is not attained in the 1st mating season after birth (Ballinger 1973) . The body size of high-elevation females (SVL ≥ 70 mm) is considerably larger than that of females in this study.
Population Structure and Dynamics
Growth in reptiles is influenced by both phylogenetic and environmental factors (Andrews 1982) . Sceloporus jarrovii exhibits differences in growth rates among populations, related to rainfall and food availability (Smith and Ballinger 1994a) , but still conforms to a generalized model of reptilian growth. Smith and Ballinger (1994a) see Smith and Ballinger 1994a) . In Las Piedras Encimadas the mean growth rate for S. jarrovii was 0.09 mm ⋅ d -1 . According to Ballinger (1979) , transplant experiments showed some evidence for a genetic basis for these growth rate differences. However, evidence from a common garden experiment suggests that neonates from high-altitude parents grow at the same or slower rates than their low-altitude counterparts . Nevertheless, little information exists for direct comparisons of growth rates with other species within the jarrovii group.
Few population density data exist for S. jarrovii. Smith and Ballinger (1994a) found greater S. jarrovii densities in high-elevation populations (74-115 lizards ⋅ 0.5 ha -1 ) than in a lowelevation population (16-36 lizards ⋅ 0.5 ha -1 ).
The density of adult S. jarrovii in Las Piedras Encimadas was similar to that in the low-elevation population, fluctuating between 20 and 40 lizards ⋅ 0.5 ha -1 , suggesting that, if any relationship between density and individual growth does exist, it is not inversely density dependent, as is usually assumed and observed (Scott 1990) . In fact, lizard density is influenced by a complex variety of factors, including availability of food resources and thermal environment (Rose 1982 , Christian and Tracy 1985 , Sinervo 1990 ).
The density of adult S. jarrovii was higher in fall 2004 compared to the previous seasons and subsequent 2 years (Fig. 4) . This large increase may be due to higher adult recruitment in fall 2004 in response to previous supranormal precipitation. Whitford and Creusere (1977) suggested that the density of most lizard species varies directly with changes in productivity and relative abundance of arthropods. Likewise, the availability of insect prey changes according to the distribution and amount of rain throughout the year (Maury 1995) .
Mean survivorship values (l x ) obtained in this study (Table 1) for the entire population and for adults were lower than rates observed in high-elevation populations of S. jarrovii (Ballinger 1973 , 1979 , Smith and Ballinger 1994b . A drought during winter and spring 2005 (i.e., January-June; Fig. 4a ) reduced the availability of insect prey. In Las Piedras Encimadas, lizards showed an abrupt prey shift in winter, eating many more ants and fewer other insects (Quezada-Rivera 2007) . Reduction in food abundance affects food utilization in S. jarrovii (Ballinger and Ballinger 1979, Simon and Middendorf 1985) but apparently does not affect reproductive potential (Ballinger 1979) . Thus, limited prey availability may not explain lower survivorship during 2005/2006. Consequently, in this study we do not know the specific proximate factors that produced this population reduction.
The life history characteristics of this population deviate from the expectation of Tinkle et al. (1970) . These life history characteristics are similar to those of another low-elevation S. jarrovii population (Ballinger 1973) . In our study, approximately 30% of the females mature in their 1st reproductive season. Without this early maturity, the replacement rate under the estimated survivorship schedules would not allow the stable pattern currently observed. Smith and Ballinger (1994b) report greater S. jarrovii survivorship at high elevations. Previously, Ballinger (1973) speculated (1) that survirorship in a high-elevation population of S. jarrovii must be greater because of delayed maturity of at high elevations and (2) that intraspecific variation exists in life history characteristics similar to that observed in other lizard species.
Further studies on other evolutionary species within the jarrovii group in Mexico (S. jarrovii, S. sugillatus, S. cyanostictus, S. oberon, and S. minor) are needed to further define the lifehistory relationships in this diverse group. Likewise, intraspecific comparisons of S. jarrovii from dissimilar geographic and climatic locations (temperate and arid) would increase the understanding of differing environmental conditions and their influence on the life history of Yarrow's spiny lizard. These studies will need to report sound data on temperature, moisture, predator pressure, and food availability, all of which potentially affect life history parameters in lizards.
